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SOV/124-57-5-5571 
Translation from: Referativnyy zhurnal, Mekhanika, 1957, Nr 5, p 66 (USSR) 


AUTHOR: Kartvelishvili, N. A. 


TITLE: “ Blade-Shocks in Hydraulic Turbines and Axisymmetrical Vibrations 
of Penstocks (Lopatochnyye udary v gidravlicheskikh turbinakh i 
osesimmetrichnyye vibratsii napornykh truboprovodov) 


PERIODICAL: Izv. Vses. ni. in-ta gidrotekhn., 1955, Vol 54, pp 162-172 


ABSTRACT: The problem of blade shock in slow and standard mixed (radial- 
axial-type) turbines, causing vibrations in the turbines and the pen- 
stock, is examined. It is demonstrated that blade-shock resonance 
can manifest itself only as a sharp rise in the amplitude of axisym~ 
metrical vibrations in the penstock. An approximated evaluation 
(not at all approximating resonance) is offered with regard to the 
relative variation in the amplitude of pressure oscillations due to 
blade shock when the number of turbine guide vanes and-rotor blades 
is changed. A determination is made of the natural frequencies of 
axisymmetrical vibrations in conduits. A numerical sample calcu- 
lation is offered. 
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Translation from: Referativnyy zhurnal. Mekhanika, 1957, Nr/7, p 62 (USSR) 


AUTHOR: Kartvelishvili, N. A. 
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TITLE: The Application of Mathematical Analysis Methods to Water-power 
Engineering Problems (Primeneniye metodov matematicheskogo 
analiza Vv gidroenergetike) 


PERIODICAL: Tr. Mosk. energ. in-ta, 1956, Nr 19, PP 18-27 


ABSTRACT: The author expresses a number of critical remarks concerning 

the existing methods of water-flow control and declares that modern 

theory has the choice of two methods of design calculation: The meth- 
od of calendar series and the method of generalized siatistical charac” 
teristics, both of which assume the process of flow as stationary. The 
author assumes that the theory of the flow-control process can be es” 
tablished along the lines of the modern theory of stochastic processes, 
assuming that the higher distribution functions of the stochastic vari~ 
able are basic functions. The article adduces considerations on the 
application of this method to a practical case of water-flow control 
according to a guaranteed energy~output chart and derives an’ expres” — 

Card 1/2 sion for ensuring fulfillment of the requirements of a planned load , 
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The Application of Mathematical Analysis Methods to Water-power Engineering (cont) 


Program. Another problem is to establish a theory of day-by-day control of a hy - 
droelectric powerplant taking into consideration the nonstationary regime of the tail- 
water basin of the installation. The author gives a group of equations determining 
this phenomenon and expresses considerations concerning the methods of solution, 
S. Ya. Vartazarov 
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Translation from: Referativnyy zhurnal. Mekhanika, 1957, Nr 7, p 57 (USSR) 


AUTHORS: Ayvaziyan, V. G., Kartvelishvili, N. A., Kuperman, V. L. 


per tee 
TITLE: Surge Tank of the Pneumatic Type (Uraynitel’nyy rezervuar pnev- 
maticheskogo tipa) 


PERIODICAL: Tr. Mosk. energ. in-ta, 1956, Mr 19, pp 160-173 


ABSTRACT: The problem of incorporating a pneumatic surge tank into the system 
- of a hydro-electric powerplant with a subterranean powerhouse is inves* 
tigated. It is pointed out that the use of a pneumatic surge tank in a spe- 
cific case taken under advisement permits doing away with an above-the- 
ground location of the tank. It is further pointed out that such a pneumat- 
ic surge tank does not create any additional problems that could affect 
adversely the operation of the hydraulic power-generating units and per~ 
mits retaining a controllability of the entire system analogous to that of 
a system equipped with a regular surge tank.’ The desirability of con- 
ducting an investigation on a model of a pneumatic surge tank is men>.-.. 
tioned. 
G. V. Aronovich 
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AUTHOR: KARTVELISHVILI,N.A; PA = 2190 
TITLE: “Whe Stability of the Steady Mode of Operation of 4 Hydro-Electric 
Station with a Combined Lead-Off and Drainage Canal. (Ustoychi- 
yost' statsionarnykh rezhimov gidroelektrostantsii s kombiniro- 
vannoy derivatsiyey i otvadyashchin kanalon, Russian) 
PERIODICAL: Tzvestiia Akad.Nauk SSSR, Otdel.Tekhn, 1957, Vol , Heri, 
pp 44-47 (U.S.9-R-) 
Received: 3 / 1957 Reviewed: 4 / 1957 


4BSTRACT: The investigation deals with the steady mode of operation of a 
hydro-electric station with a preseure let-off (which is pre- 
ceded by an open canal) and a drainage tube. The influences oF +he 
development of waves in the canal and in the drainage tube on 
stability are considered. The case of the power station working 
at full load is investigated. Tne equations of a not yet steady 
motion in the open prismatic canal with small variations of the 
uniform steady mode of operation are set up. As the investigation 
of stability is concerned only with what is taking place at the 
entrance of the drainage tunnel and at the end of the drainage 
tubes of the turbines these solutions are correspondingly modi- 
fied and the equations for 4 non-steady operation in pressure 
plants of a hydro-electric station are set up. First comes the 
dynamic equation for the drainage tunnel, then follows the 
equation for untearability, and finally the equation for the 
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PA - 2190 
The Stability of the Steady Mode of Operation of a Hydro-Blectric 
Station with a Combined Lead-Off! and Drainage Canal. 


control of turbines. Here only the problem of the stability of 
the steady working methods in the case of perfect control and in 
a pipe line without inertia is investigated, From the formulas 
obtained it can be seen that the wave course in the drainage tube 
deteriorates the stability of the system, the wave course in the 
canal, however, improves the conditions in one of the formulae 
obtained while it deteriorates {hose in the other. Neglecting the 
influence of the wave course in the drainage tube both formulae 
go over into those obtained with much more difficulties by 
GERBER. (1 illustration). 
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TITLE: Regulation over many years of the river flow from the 
point of view of satisfying pcwer requirements in 
certain complicated cases. (Energeticheskoye 
mnogoletneye regulirovaniye rechnogo stoka v nexotorykh 
slozhnykh sluchayskh). 


PERIODICAL: "Izvestiya Akademii Nauk, Otdeleniye Tekhnicheskikh Nauk" 
(Bulletin of the Ac.Sc., Technical Sciences Section), 
1957, No.6, pp.102-109 (U.S.S.R.) 


ABSTRACT: In an earlier paper (2) the author has shown that the 
river flow represents a continuous stochastic process. The 
problem of regulation of the river flow to satisfy power 
requirements can be solved fully and accurately on this basis 
provided certain difficulties are overcome, If the investi- 
gation is restricted to the fluctuations of the flow rates 
during sufficiently long intervals, for instance annual 
intervals, the problem can be solved more easily, although 
not as accurately. In this paper the so-called many~year 
component of the capacity of a water reservoir for long 
term (many-year) regulation is considered which ensures 
equalisation of the non-uniformity of the annual flow 
volumes. The problem of the flew changes within a year and 
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Regulation over many years of the river flow from the 
point of view of satisfying power requirements in certain 
complicated cases. (Cont.) 


of the seasonal component of the capacity of the water 
reservoir is not dealt with. The stochastic relation is 
considered between the flow rates of neighbouring years but 
the relation between the flow rates of non-neighbouring 
years is disregarded. The general theory of regulation of 
the flow over many years which would permit consideration of 
any practical case can be worked out on the basis of the 
"full probability" formula which consists in the following: 
it is assumed that the co-existence B is related to the 
random magnitude §, F(x) is the distribution function of €, 
i.e. the probability of €y x. Then P(B/x), probability 
of materialisation' of the co-existence B under the 
conditions that has assumed the value x and the 
unconditional probability P(B) of materialisation of the 
co-existence B are inter-related by the relation 

P(B) ={ P (B/x) dF (x) where the integral is understood in 
the serise of the Stiltes integral. 

There are 2 figures and 2 Slavic references. 


SUBMITTED: March 18, 1957. 
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TITLE: Stability in "small" (on a small scale) of dynamic systems 
containing small parameters. (Ustoychivost' v malom 
dinamicheskikh sistem, soderzhashchikh malyye parametry) 


PERIODICAL: Izvestiya Akademii Nauk SSSR, Otdeleniye Tekhnicheskikh 
Nauk, 1957, No.9, pp. 19-26 (USSR) 


ABSTRACT: Investigation of the stability of dynamic systems with 
a large number of degrees of freedom, and particularly of 
power systems, requires the use of cumbersome characteris-— 
tic equations which is technically complicated and does not 
give clear results. Therefore, the question arises whether 
it is not possible to reduce investigation of the character- 
istic equations of a given systiem to investigating several 
simpler equations. Apart from the case in which certain 
small (non-diagonal) elements of the characteristic 
determinant are disregarded, iti is possible to reduce it 
to the derivation of two or several determinants (as is 
done in the case of autonomous regulation of district 
heating turbines); such a possibility arises when a part 
of the differential equations cf small oscillations of the 
system contain low value time constants. Eq.(1), p.19, is 

Card 1/2 the starting equation; this equation has been investigated 
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AUTHORS: Yegiazarov, I. V., Kartvelishvili, N. A., 

(Yerevan, Moscow, Leningrad) 


TITTLE : On the influence of an air filter rubber hose during 
simulating on models of an hydraulic shock. 
(K vliyaniyu rezinovogo shlanga s vozdukhom pri modeli- 
rovanii gidravlicheskogo udara). 


PERIODICAL: Izvestiya Akademii Nauk SSSR, Otdeleniye Tekhnicheskikh 
Nauk, 1957, No.11, pp.160-166 (USSR) 


ABSTRACT: In earlier work published by one of the authors (Refs,1 
and 2) the theory was evolved of hydraulic simulation on 
models of non-steady state movements inside pressure 
systems, Four similarity criteria were derived for the 
general case and two criteria for the conditions of 
hydraulic impact, i.e. for the ordinary case of dis- 
regarding the friction and the ratio of the speed of flow 
to the speed of the shock wave as compared to unity. 

From the obtained relations and from the condition that 
all the time constants should be equal in the nature and 
in the model, it follows that the geometrical scale 

a, = 10 to 20, i.e. the speed of the shock wave should 
ve considerably slower in the model than in the natural 

Card 1/3 object. This condition imposes the necessity of simulating 
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an hydraulic impact under conditions of simulating the 
entire power system, i.e. its hydraulic, mechanical and 
electrical parts, A decrease in the wave speeds can be 
effectively obtained by fitting inside the piping an 
air filled rubber hose. It is proved by theoretical 
analysis that the difference in the non-steady state 
processes do not differ materially in such a system from 
that pertaining in an ordinary piping and that this 
system does indeed result in a considerable reduction of 
the wave speeds, The theoretical proof was also confirmed 
by the experimental results of Z. A. Zoryan obtained in 
1955 on a short model (20,5 m long, 640 mm dia) piping, 
which contained a 160 mm dia. rubber hose, in the 
Hydraulic Power Systems Laboratory of the Water Power 
Institute (Vodno-energeticheskiy Institut) (Refs. 2 and 4) 
and also in experiments in 1956 and 1957 with a longer 
(67.5 m) piping of an equal diameter and an equal rubber 
hose diameter, The results of these experiments are 
reproduced in the graphs, Figs, 2 and 3, p.165, and these 
show that the hydraulic shock has an equal time 

Card 2/5 characteristic, both in the water of the piping (curves 1) 
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On the influence of an air filter rubber hose during simulating on 
models of an hydraulic shock, 


and in the air of the hose (curves 2) and that the speed 

of propagation of the shock wave equals 60 m/sec, i.e, it 
is 15 times smaller than the calculated speed for a piping 
not containing such a hose. Consequently, the possibility 
of simulating on models of an elastic hydraulic impact 
under conditions of simulating en hydraulic power system 

is proved theoretically as well as experimentally. 

There are 3 figures and 4 references, all of which ar? 
Slavic. 


SUBMITTED: June 11, 1957. 
AVAILABLE: Library of Congress, 
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Influence of the inter-relations of the hydraulic, 


mechanical and electrical processes on the stability of 
operation of power stations, (Vliyaniye vzaimodeystviya 
gidravlicheskilkh, mekhanicheskikh i elektricheskikh 
protsessov na ustoychivost' raboty elektrostantsiy). 


PERIODICAL: Izvestiya Akademii Nauk SSSR, Otdeleniye Telchniche skikh 


ABSTRACT: 


Card 1/4 


Nauk, 1958, No.2, pp. 42-50 (USSR). 


In this paper the hydraulic systems of hydraulic power 
stations operating in parallel, the respective turbine 
equipment, the electrical apparatus and the inter- 
connecting transmission lines are considered as a single 
oscillation system, An attempt is made to determine the 
conditions under which it is permissible to consider 
separately (as is usually done in practical operation) 
the stability of steady state hydraulic regimes, the 
stability of the regulation of the turbines and the 
convergence to equilibrium of non-steady state electro- 
mechanical phenomena and also of the conditions under 
which such practice may lead to erroneous conclusions, 
The derived relations, Bqs.(2.15) and (2.16), p.49, are 
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stations, 


the same as are given in any monograph on the stability 
of power systems, For usual conditions regarding the 
relations between the time constants and sufficiently 
rigid electric couplings, the stability of the steady 
state regime of a power system is ensured if the following 
conditions are fulfilled: convergence to equilibrium 
of non-steady state regimes in the derivation and in the 
equalisation reservoir in the case of an inertia-free 
piping and ideal regulation of the turbines; stability of 
the primary and secondary regulation of turbines 
operating in parallel in the case of absolutely rigid 
electric coupling between the individual units, pipe lines 
with inertia and equalisation reservoirs of infinitely 
large cross section; convergence to equilibrium of mutual 
displacement angle pulsations of the rotors of the individual 
sets in the case of non-regulated turbines (the probleu of 
the "static" electrical stability). The case is also 
possible where the damping of the rotor displacement angle 
pulsations is influenced by the hydro-mechanical and 
Card 2/4 even the hydraulic processes including the wave phenomena 
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in the inflow and the outflow canals (if such canals 
exist); this is the case of operation of a power station 
in the neighbourhood of its limit capacity. The 
conclusion that the electric stability is dependent on 
the regulation of the prime mover in the case of operation 
of a power station through a transmission line on a system 
of infinite power was derived by means of another method 
(without taking into consideration the equalisation 
reservoir and secondary regulation) by Andreyeva (Ref.1) 
and by Kachanova and Krutikova (Ref.2). Andreyeva has 
shown that it is possible to carry out an independent 
analysis of the stability of regulation of turbines and 
convergence of transient processes in hydraulic structures 
for the case of isolated operation of a hydraulic power 
station, Krutikova pointed out and proved experimentally 
that the dependence of the electric stability on the 
regulation of the prime mover becones less with widening 
of the zone of insensitivity of the speed regulator which 
has not been taken into consideration in this paper. 

Card 3/4 Therefore, for obtaining a full solution of the inter~ 
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relations between the hydraulic, mechanical end electrical 
processes, from the point of view of the problen of 
stability in a small region, it is still necessary to 
investigate the influence of the insensitivity zone of 

the speed regulators, 

Thore are 1 figure and 6 references ~ 4 Rustcdin, 

1 French, 
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AVAILABLE: Library of Congress, 
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AUTHOR: Kartvelishyidig A. (Moscow) SOV/24-58-5-15/31 


TITLE: The Analogues to Water Turbines in Power Systen 
Analogues (O modelirovanii gidroturbinnykh blokov 
pri modelirovanii energeticheskikh sistem) 


PERIODICAL: Izvestiya Akademii Nauk SSSR, Otdeleniye Tekhnicheskikh 
Nauk, 1958, Nr 5, pp 93-96 (USSR) 


ABSTRACT: It is shown that the transients in the turbines cannot be 
neglected near the static power transmission limit; the 
conditions which must be satisfied in designing any model 

(apart from the usual ones) given by Eqs.(1) to (3). 
Only physical models (i.e. not purely electrical or 
electromechanical ones) are considered, The exact ways 
in which certain models have been designed, and in which 
the various inevitable compromises have been made, are 
detailed, No definite conclusion is reached, other than 
that it is unsafe to use steady-state parameters for 
investigating transients, 
There are 7 Soviet references, 
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On the Sharpening of Stability Criteria for Established 
Currents in Fast Flowing Water (Ob utochnenii kriteriya 
ustoychivosti ustanovivshegosya techeniya na 
bystrotokakh ) 


PERIODICAL: Izvestiya Akademii Nauk SS5R, Otdeleniye Tekhnicheskikh 


ABSTRACT: 


Card 1/3 


Nauk, 1958, Nr 8, pp 66-74 (USSR) 


N. M, Zhavoronkov (Ref 1) experimentally, and 

V. V. Vedernikov (Ref 2) theoretically have established 
the occurrence of "superstorminess" (rollwaves) in both 
turbulent and laminar flow. Vedernikov also made the 
first theoretical investigation of the stability of a 
uniform flow by the method of characteristics, starting 
from the St.Venant eque'ions. Dressler's theoretical 
study (Ref 3) had shown the absence of continuous 
periodic solutions of the St.Venant equations for 
unestablished motion in am open channel, The method of 
small oscillations was used by Iwasa (Ref 5) who obtained 
stability criteria for unaereated currents. There are 
cases in which the criteria of Vedernikov, Iwasa and the 
author indicate the presence of waves when in fact there 
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are none in the current, and since the criteria are 
Indiaputable mathematical consequences of St.Venant's 
equations, the equations must be made nore exact in 

order to sharpen the criteria. The author begins by 
considering existing criteria for wave-free currents, 

and goes on to discuss the equation for a uniform un- 
established current. After considering the effect on the 
stability of the additional terms to the St,Venant 
equations, the author concludes by discussing the . 
influence of the law of hydraulic resistance on stability. 
It is found that the additional terms do not correct the 
criteria in the expected direction but that taking account 
of differences in the laws of hydraulic resistance for 
established and unestablished motions corrects the 
criteria in the desired direction. The author concludes 
that the problem of stability criteria for wave formation 
is a question of sharpening the laws of hydraulic 
resistance in unestablished motion which goes beyond the 
theory of rapid flows and is a new problem in hydraulics. 
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There are 4 figures and 23 references, 17 of which are 
Soviet, 2 English, 2 German and 2 French, 


SUBMITTED: May 24, 1958 


1. Fluid flow--Theory 2. Fluid flow--Mathematical analysis 
3. Fluid flow--Stability 4. Fluld flow--Resistance 
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AUTHOR: Kartvelishviti,—¥4,—lloscow) SOV/24~-58-1-17/42 


TITLE: 


Stability of the Steady State Regimes of Hydraulic Power 
Stations with Equalisation Reservoirs (Ustoychivost’ 
statsionarnykh rezhimov gidroelektrostantsiy s 
uravnitel'nymi rezervuarami) 


PERIODICAL: Izvestiya Akademii Nauk Sisk, Otdeleniye Tekhnicheskikh 


ABSTRACT: 


Cardl/2 


Nauk, 1958, Nr 11; pp 75-82 (USSR) 


The problem of the stability; of steady state regimes of 
hydraulic power stations is to a considerable extent 
solved, However, information relating to the solution of 
this problem is scattered in a great variety of sources, 
mainly articles in periodicals, and these contain in 
addition to well founded assumptions results which are 
completely erroneous. Analysis of these errors, which 
cannot always be easily detected, leads to the conclusion 
that the source of these errors is the deviation from accurate 
mathematical formulation. In this paper the main results 
are reviewal which were obtained by various authors on the 
stability of steady state regimes of hydraulic power 
stations with equalisation reservoirs. The subject matter 
is dealt with under the following paragraph headings: 


pass a ae 
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influence on the stability of the interaction of hydraulic, 
mechanical and electrical processes; stability of 
complicated pressure head systens; non-linear problems; 
certain problems requiring further investigations, In the 
last paragraph it is stated that the most important 
practical problems relating to stability have either been 
solved already or can be solved without great difficulty 
by means of well chosen assumptions of the linear theory 
of oscillations and the method of detecting adequate 
stability conditions on a large scale on the basis of the 
Lyapunov theorem as evolved in the most recent work of 
Lyubimtsev (Refs 14-16). However, there are still two 
problems which have not been solved: the first is that of 
the possibility of separate investigation of the hydraulic, 
mechanical and electrical processes in the non-linear case; 
the second is the problem of the law of hydraulic 
resistances, There are 8 figures and 57 references, el of 
which are Soviet, 20 French, 5 Italian, 7 Bnglish,4 German. 

SUBMITTED: May 12, 1958 
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ation in case of parelisliy 
Long-range streamflow regulation 3012i~2 
working hydroelectric power stations. Taye VNIIG 618182~296 
158 (MIRA 13:4) 


(Hydroelectric powor stations) 
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AUTHOR: ishvili, N.A., (Mcscow) 
* TITLE: The Performancé-of a Power System and Theory of 


Probability (Rezhimy energeticheskikh sistem i 
teoriya veroyatno stey ) 


PERIODICAL: Izvestiya Akademii Nauk SSSR, Otdeleniye Tekhniche skikh 
Nauk, Energetika i Avtomatila, 1959, Nr 1, pp 3-10 (USSR) 

ABSTRACT: wo kinds of factors can affect the performance of a 
power system which provides the load for the diurnal 


and annual variations. Thig performance can be 
established at the planning stage or it cannot be 


Card 1/4 be determined when the constant values Tleeelm 7 and 
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Qiz are so adjusted that yee to = t + Tlosoog 

tm = t + tm-17. ‘Then the functions Fy (but not the 


consumpticn) will become the periodic functions t with 
the period equal to 1 year. Also the functions (1) 
could be unconditional’ or conditional (when hydro~ 
forecasting is applisd) furctisns of distribution of 
probabilities, The figure on p 4 gives the example of 
an unconditional function (curve AB) for the volume V 
of a high water flow at any section of a river, The 
volume V can be affected, for example, vy thawing 
Snow N, which is represented dy the curve CD lying 
between the curves AB and OFHK (dotted line), both 
me cases. The determination of 
ans of the functions (1) 
n the flow is considered as a 
h discrete qime where the total 
qua. intervals At, for which the 
Mean consumption QF, is fourd (k . position number of plant, 
Card 2/4 i+ - interval PeSisior, €-~ digit). Similar to she 
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functions (1) the function (2) is also a periodic 
function of the period h (h - number of intervals At). 
As the maximum period is equal to one year, it is 
possible to find the probability distribution function 
of the annual volume of the river flow. ¥ with a 
consideration of the first 3 moments ¥, ¥% and 53. 


In general, the function £3 = £i(€;) can be defined 
from the expression: 


Fi(§ i) = 7 + G(fj) 


where G ~ integral of probability. It is assumed that 
the n-dimensional distribution of a random vector 
(f£1,-..,fn) is normal which, in the case of the probability . 
distribution function of the vector (F152 00c8n) can be shown 
as the formula for F(x1,..¢,xn) on p 7; where Ay, - 
algebraic complement of the element Tik of the 
determinant of the matrix eet The statistical method 
of planning and designing the operation of the power 
system as described above is much superior to the 

Card 3/4 calendar method (Ref 5 and 6). This method, however, 
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should be more elaborated so that it can be adjusted 
for practical requirements. There is 1 figure and 
7 Soviet references. 


SUBMITTED: 15th September 1958 
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AUTHOR: Kartvelishvili, N.A., Professor, and Doctor of Techni- 
cal Sciences 


TITLE: Some Problems Pertaining te the Design of Power Genc- 
rating Units in Hydroelectric Power Plants 


PERIODICAL: Gidrotekhnicheskoye stroitel'stvo, 1959, Nr 5, 
pp 24-29 (USSR) 


ABSTRACT: The article is concerned with the effect of the reci- 
procal action of electric, mechanic, and hydraulic 
processes upon the operatirg stability of eer Cag 
power plants. Especially, hydraulic processes and ir- 
regularities are subject to extensive soca ion: 

The maximum permissible irrezularity with regard to 
performance of a power generating unit can be expressed 
n n 
= 0,75 — - is 


oO Ay 


Card 1/2 by the following formula: n 
where n, / Ny = 130/170 €.75, 
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while n, is the synchronous number of revolutions, n, is 

the maximum, and n, - the runaway sumber of revolutions. 
Furthermore, the Rybinsk GSS and Armenenergo are cited 
in connection with the increase of the number of re- 
volutions. In conclusion, balancer reservoirs are 
discussed, whose task is protection of diversion ca- 
nals from hydraulic shocks. Also mentioned in this 
connection is the name of l.A. Mostkov, author of a 
treatise on hydraulic power. There is 1 gragch and 

5 references, 1 of which is French and 4 Soviet. 
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report presented at the First Al3-Union Congress on Theoretical and Applied 
Mechanics, Moscow, 27 Jan - 3 Feb 1960. 
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AUTHOR: Karty Moscow) 


TITLE: Transient rocesses in Power Systems as & Problem of the 


General Theory of Oscillations 


PERIODICAL: Izvestiya Akademii nauk SSSR, Otdeleniye tekhnicheskikh 
nauk, Energetika i avtomatika, 1960,Nr 2, PP 13-19 (USSR) 


ABSTRACT: Transient processes in power systems are typical 
oscillatory processes to which all the methods of the 
general theory of oscillations, and in particular the 
general theory of stability, may be applied. A special 
feature of power systems is that they have 4 large number fo 
of degrees of freedom and so require systems of j 
differential equations of a very high order to describe 
their transient processes. It is accordingly necessary to 
simplify the systems of equat:ions of transient processes 
without distorting the results. Fundamentally, the 
simplification consists in reducing the order of the 
system by neglecting so-called small time-constants and by 
Card replacing the generating sets in each individual station 
1/9 or even in several neighbouring stations by 4 single 
equivalent machine, which also involves neglecting 
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several time-constants. Such simplifications can lead 

to difficulties and completely incorrect results. For 
instance, in studying the stability of hydraulic pressure 
systems in hydro-electric stations the degrees of freedom 
of the generating sets are usually neglected in favour of 
the so-called hypothesis of ideal turbine control. This 
simplification gives correct results only if the time- 
constant of the turbine pipe-lines is also neglected, 

i.e. neglecting water-hammer, If this is not done, the 
erroneous conelusion is reached that the system is 
fundamentally unstable. Finally, the number of degrees 
of freedom will increase as power systems develop and are 
united into a single unified power system of the USSR; 
this may lead to qualitative changes in the nature of the 
transient processes. For example, in a unified power 
system the propagation of disturbances from one end of the 
system to the other should somewhat resemble wave effects. 
Analysis of such effects becomes impossible if a 
Complicated system is to be reduced to a simple one with 
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The problem o ying this sys 
considered, that on replacing seve 
in a station yalent machine we neglect ae 
rapid oscilla relative to one another, 
in comparison lations of them all 
It is seen that 

lent to neglecting certain 
time constants. The express (2.6) and (2.7) give a 
family of positions of equil cillatior3. 
The equilibrium positions are ots of 
Eq (2.8) are always real and negati 6) and 
(2.7) are satisfied. The requirem 
parameters must be negligible is no 
but in making calculations of trans 
power systems it is tacitly assume 
Oscillation problems are oftan sol 
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that stability exists under rapid changes, anc then 
dealing with the case of slow changes. A method is 
as used to investigate the static 
electric stations operating in 
parallel. determined under which it is 
necessary problem of stability, 
allowing for tur and other transient wee 
conditions, as well as determ ditions for 
which it is permissible to su problem 
into three independent problems of stability. 
methods typical of the analysis of linear sys 
used in finding equivalents for sets or stations. 
method is the investigation of transmission functions 
using various devices of matrix calculus. Here again, 
the physical essence of the work consists in separating 
the rapid motion of the generators relative to one 
another within a given station from the slow motion of 
groups of generators relative to other groups. In most 
cases, this separation of rapid and slow motion greatly 
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reduces the order of the systems of differential 
equations to be investigated, but even the simplified 
systems are still very complicated. It is accordingly 
important to develop procedures for simplifying the 
initial systems and for analysing the simplified systems. 
The problem should be solved by means of digital 
computers or machine-analogue3: physical modelling is 
inapplicable. The procedure for applying computers to 
these complicated cases still requires development. It 
will of course entail more than mere mechanical 
repetition of the operations which were mamally fulfilled 
for simpler cases and should exploit the fundamentally 
new possibilities of computers. In power systems the 
transient process with definite initial conditions is 
usually of less interest than. the region of permissible 
initial deviation within which the system returns to the 
steady state. This region may of course be found by 
determining the motion for various initial conditions, 
but it is much simpler to use Lyapunov's so-called direct 
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method. Several ways of doing this have been published 

but the present article proposes a new method of dealing 

with the problem. Consider the stability in a major 

condition of equilibriun, desaribed by Eqs (3.1), which 

may be considered as simplified equations of slow 

displacement (see Eqs (2.5) and (2.7)) from which ne yee 


variables have been excluded. The corresponding first- 
order equation is given by expression (3.2). ‘The 
determination of the coefficients in this equation is 
then explained. If the minor stability conditions are 
fulfilled, then the reversibility of Lyapunov's theorem 
about the stability of linear systems indicates that the 
quadratic form used in determining the equation 
coefficients will be positive. Its differential with 
respect to time is given by Eq (3.7), which is definitely 
negative near the origin of coordinates, and within the 
surface represented by expression (3.8). It is shown 
Card that a certain ellipsoid, which is tangential to the 
6/4 surface of expression (3,8) tut nowhere intersects it, 
falls entirely within the region of major stability. 
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Card 
2/7 


SUBMITTED: 


The coordinates of the point of contact, and so of the 
boundary of stability, are given by Eqs (3.11) and (3.3). 
The ellipsoid of stability may then simply be determined. 


‘This method of constructing the limiting conditions for 


stability is not unique and other methods of solving the 
problem are known. They differ from one another mainly 
in the construction of the Lyapunov function. This 
construction is often based on various specific properties 
of the oscillatory system considered, but for power 
systems such devices are inapplicable because of their 
Specific features. The method of Ayzerman is the most 
general in this case, The advantage of the method 
proposed in the present article is that although it is 
more difficult to calculate it usually gives a wider 
region of stability than does the Ayzerman method. 
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mashinostr. no.2s108-118 '62. (MIRA 1535) 


“1, Gruzinskly politekhnicheskly institut im. V.1.Lenina. 
(Excavating machinery) 
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135-143 '63- 
1. Gruzinekly politekhnicheskly jnatitut. 
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{Principles of designing machinery for earthwork] [Osnovy pro- 
ektirovaniia mashin dlia zemlianykh rabot. Tbilisi, Gos.izd- 
vo "TSodna"] 1964. 236 p. [In Georgian] (MIRA 17:4) 
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-1ORG: Georgian Institute of Metallurgy (Gruzinskiy institut metallurgil) 


ae Obtaining compact chloride-process chromium and investigating its physico~mechani~ | 
| cal properties | 
! 
i 
| 


SOURCE: AN GruzSSR. Soobshcheniya, v. 44, no. 2, 1966, 373-377 


\ 
1 
j TOPIC TAGS: chromium, induction melting, brittleness, hardness, powder metal 


i ABSTRACT: This work is a continuation of a previous investigation (N. V. Ageyev, F. N. 

| rabadze, Yu. M. Kartvelishvili. Polucheniye khloridnogo khroma. Poroshkovaya metallurgiya, : 
no. 2, 1963, 88), with the difference that it deals with the physico-mechanical properties of 
ingots (measuring 60 mm in length and 6 mm in diameter) obtained from pressed and degassed | 

| pellets of chloride~process chromium measuring 15 mm in diameter that had been remelted by | 

| the crucibleless induction heating method. (By utilizing the forces of surface tension the molten| 
metal can be maintained in suspended state in the electromagnetic field of the inductor. By re- 
ducing the power supplied to the inductor, the field can be weakened so that the molten metal | 
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descends into the molds resting on a turntable one of whose quadrants is within the melting 
chamber. ) Since the normal impact and tensile tests are too rigorous with respect to chromium,! 
the ingots were subjected to tests in milder stressed states, namely, tests of uniaxial static : 
compression of cylindrical specimens: this method assures a sufficiently reliable assessment 
of the plastic properties of Cr-and can be used to determine the effect of temperature, deform- ; 
ation rate and degree of purity on the plasticity of the metal, as well as to determine the tempe~, 
rature of the transition of Cr from brittle to plastic state (temperature of the threshold of cold { 
brittleness). The hardness of the ingots of chloride-process averaged 105 kg/mm? and its cor- | 
responding cold brittleness threshold was close to 17 0°C, as also indicated by the findings on 
|Plasticity, considering that the lower the plasticity of Ci: at room temperature, the lower its 
|cold~brittleness threshold temperature is. A comparison of the hardness, compressive strength: 
(plasticity) and cold brittleness thresholds of the chromium produced by th 


e chloride-process, | 
aluminothermic and electrolytic methods (see table( shows that the chromium produced by | 
the chloride-process method is distinctly superior in its physico-mechanical properties i 
to the chromium produced by the aluminothermic and électrolytic methods. | 
| 
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|Properties of metals Aluminothermic Chloride~process 
chromium chromium 


% of gaseous impurities 
On» Noo Hp) 

% of other impurities 
Total purity, % 
Hardness, kg/mm” 
Compressive strain, % 


Cold~brittleness threshold, 
© 


Electrolytic 
chromium 


0,281 + 0,462 
0,258 + 2,055 
98 

187 
17,0 + 2,0 


0,026 + 0,071 
0,169 = 0,441 
99,6 


400 


Orig. art. has: 2 figures, 1 table. - 
SUB CODE: 13, ll, 20/ SUBM DATE: O7Apr66/ ORIG REF: 002/ OTH REF: 002 { 
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TITLE: on the Production of Pure Chromiua swioxiaas? 
PERIODICAL:  Doklady Akademii nauk SSSR, 1960, Vol 150, Nr 6, pp 1294 - 1297 
(USSR) 
ABSTRACT: fo obtain chromium in the ‘highest possible degree of purity the 


authors recommend the production of pure chroniun chlorides 
from electrolytic chromium by chloride distillation in a 
chlorine current, and subsequent reduction with alkali metals 
or alkaline-earth metals. In this paper they deal with the 
production of pure chromiua chlorides. The following reactions 
are possible petween metallic chromium and chlorine: 

2cr + 3C1,—7 2crcl, (1); Cr + Clo —» Crel, (2); 2crel, + 


+ Cr —> 3Crel, (3). The authors calculated the free energies 
and equilibrium constants of these reactions fron standard 
data. The results (temperature dependence of the free energies 
and constants) are graphically shown on figures 1 and 2. The 
thermodynamic determination shows that in the temperature range 
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On the Production of Pure Chromium Chlorides 3/020 60/130/06/032/059 
B011/B015 


investigated reaction (1) is most likely to occur whereas re- 
action (3) is most unlikely. Metallic chromium was supplied by 
the Institut prikladnoy khimii i elektrokhimii AN GrusSSR 
(Institute of Applied Chemistry and Electrochemistry of the 
Acade of Sciences of the Gruzinskaya SSR). Figure 3 shows 
the apparatus for the production of pure chromium chlorides. The proce- 
dure may be divided into three sections: (a) degasification of 
chromium; (b) chlorination of chromiums (c) purification of the 
chlorides produced by sublimation. These three stages are dis- 
cussed in detail. Degasification at 400-450 in a vacuum of 
1074mm during 1.0-1.5 h was sufficient to elimjnate the entire 
hydrogen. Chlorination is sffective at 595-605 . The chlorina~- 
tion time is to a considerable extent determined by the rate 
of chlorine addition and the amount of weighed chromiun portia. 
Chlorination took about 50 minutes at a chromium quantity of 
20-30 ge At a slow chlorine passage CrCl, is produced. It ie 
necessary to purify the chromium chloridés under the exclusion 
of air and steam in vacuum or in pure chlorine because the 
chromium trichloride vapors oxidize easily in the air. crcl, 
Card 2/3 dissociates above 1300 , signs of dissociation are, however; 
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oe AUTHORS : ie “Agoyer, N. 


— PERIODICAL: “Poroahkovaya’ notalluretya, no, 2) 1363, 88 - -95 


EXT: oe: method of. ‘preparing chromium ‘ohloride is. proposed which yields” ee ee 
"metal with a low ‘content of gaseous: and metallic impurities. The method consists ; 
: in chlorinating Ore,. ‘chrome. oxide,’ ‘or chrome metal with subsequent purification 
‘of the product. by: distillation: in a chlorine current, and reduction with mag- : 
~nesium., Chlorination of Cr:oxide was conducted iat 950 - 1, o00°c for 1 hour,-and =. 
chlorination of electrolytic Cr at 595 -°605°C for 50 min. The reactor capa-. 
“ citor was coated with. asbestos:.at. the spot where Cr chlorides were deposited; 
~ this ‘made it possible ‘to maintain a- temperature in the capacitor (500. - 600°C) 
exceeding - the: melting point of volatile. chlorides. but not attaining the melting 
- point-of Cr chloride. - “In. such a manner: only pure Cr chloride was ‘deposited in 
“the capacitor, The Cr-chlorides obtained were - pu‘ified at 900 - 950° by dis- ~- 
a tillation in pes chlorine current. © a: epectral ‘analysis of Cr chlorides - 3 
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“< Preparation of chromium: chloride . = 
- thus be obtained. The magnesium-thermal reduction of Cr chloride was performed 0. 
in purified helium.» Effictent reduction takes place at 650°C when magnesium is.” 

melted, and: shows:an explosive nature. The reactor was held at this temperature 
for 15 min; ‘the temperature. was then elevated to 850°C. ‘Magnesium chloride and 
- magnesium was eliminated from the crucible by melting and distillation ina = 
-- -yacuum during 80 min, Almost 100% Cr was extracted from the chloride in the 

* form of gray powder ‘containing not less’ than 99.96% Cr. The interaction between 
Cr chloride and magnesium during the. reduction. process was studied and is ex- . 


“obtained from Cr oxide and electrolytic Cr shows that high-purity chlorides can 


aS ’. plained. ‘There are 5 figures.” ai zh 


“" ASsocTATION: ‘Institut metallurgit AN QSSR i Institut metallurgii im. A. A, Bay- Be 
eee oy AN'SSSR (Institute of Metallurgy, AS GSSR, and Institute of 
7 Metallurgy imeni A. A. Baykov, AS USSR) adie Boos 
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